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A bstract The static pair correlation function g“(r), of electrons around an infinite
mass positively charged impurity in one and two component classical and quantum rare hot 
plasmas has been computed by making use of the recently suggested frequency and wave 
vector dependent complete dielectric function g*(r) for quantum plasma urc quite different 
Iroin the classical plasma particularly at low temperatmes and near the impurity
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1. Introduction
Two component rare plasma is encountered in the ionosphere, iniergalactic space, laboratory 
and doped semiconductors at appropriate density and temperature. When only one of the 
components is mobile and the other is assumed to be immobile, the plasma is called one
n  h___
component plasma. When thermal de-Broglie wavelength \Aih ' w*ierc m ls
mass of the mobile component, /i is the Planck’s constant and kR is the Bolumann’s constant) 
of the mobile component cannot be ignored in comparison with the mean intcrparticle distance. 
2 (r being the radius of a sphere assigned to each particle, the plasma is referred to as 
quantum plasma. Frequency and wavevector dependent dielectric function yields complete 
dynamics of the plasma. The problem of determining static pair correlation function #*(r) of the 
plasma [ 1 ,2 ] around a charged impurity introduced in the system is directly related to its 
dielectric function and is therefore important as it determines the extent of screening ot the 
charged particle. If the mass of the impurity corresponds to a positron, the value of static pair 
correlation function at the site of the positron, determines essentially the positron annihilation 
rate [3-61.
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T h e  sta tic  p a ir  c o rre la tio n  fu n c tio n  #*(/■), o f  e lec tro n s  a ro u n d  an  in fin ite  m ass  positively  
c h a rg e d  im p u rity  in o n e  c o m p o n e n t q u an tu m  ra te  h o t p la sm a  had  been  ca lc u la te d  using  the 
ex p re ss io n  fo r  q u an tu m  d ie le c tr ic  fu n c tio n  a t ze ro  freq u en cy  [7 ,8 ], ta k in g  in to  acco u n t the 
c o n tr ib u tio n s  up  t o hl te rm s |9 ) . T h e  ex p re ss io n  thus, o b ta in ed , w as th e re fo re  ap p ro x im a te  and 
so  w ere  th e  c o m p u te d  va lu es  o fg * ( r ) .  In  the  p re se n t w o rk ,#*(/•) o f  e le c tro n s  a ro u n d  an infinite 
m a ss  p o s it iv e ly  ch a rg ed  im p u rity  h av e  been  co m p u te d  u sin g  the co m p le te  d ie le c tr ic  function 
/> ., to all o rd ers  in h2 and  ex ac t ex p re ssio n  f o r g e r ) ,  both  for one co m ponen t and  tw o  com ponent 
p la sm a s.
2. M a th e m a tic a l  fo rm a lis m
T h e  s ta tic  p a ir  c o rre la tio n  fu n c tio n  g± ( r)  o f  e le c tro n s  a ro u n d  an im p u rity  o f  fin ite  m ass M,  is 
g iv en  as [1 ,2 ]
^  + ( r )  =  1 + — l - y  ^  f ( q ) e x p ( - i q . r ) d q  .
W h e n  th e  d en s ity  o f  p o s it iv e  ch a rg e  in tro d u c ed  is sm a ll, j  (q) is g iv en  ik  :
( 1 )
/ ( * )  =  -  R e  
n
——- -------  -  I ) + '  - f dOJ llTl f
r ( q , h q 2 / 2 M )  J n \ e  ' (q , (O)
x P t u r  / 2 M
ft)2 - ( h q 2 /  2 A f)2 (2)
w h e re  £ (q , a)) =  £ , ( £ ,  o>) +  / £ 2 ( ^  CO) is l^ c c o m p lex  d ie lec tr ic  function  o f  the p la sm a ,//  is
the n u m b e r d en s ity  o f  the e lec tro n s  in the  sy stem  a n d z  is a po sitiv e  in teger. co(= h q 2 / 2M)  and 
q a re  th e  a n g u la r  f re q u e n c y  an d  w a v c v c c io r  resp ec tiv e ly .
F o r  a w ea k ly  d e g e n e ra te  tw o  c o m p o n en t p la sm a , the d ie lec tr ic  function  is g iv en  as [ 10, 
HI.
£,  (q , 0)) =  I +-
^[2 c o l^  ( m±v± 
v 2 t  hq
ex p (0 hq
0) hq j | 1
{ j 2 q V i + 2 j 2 m ±v± ) X \ + 3
yflqv± 2 j 2 m ±v± J  
hq(o
-  ex p
yflqv± 2yf2 m±v± 
hq





<- j 2 q v ±
)
A
<y / 2 q v ±
1 , 1  &x < l  +  - hq
3yy[2qv± 2 V 2  m±v± (3)
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J l q \ \  2 ^ 2  in 11 (4)
w here  (Opa 470i±e 2 /  w ± j, v t  (=  y[kBT± /  m ± ) ,  n ± and 7 ± r e sp e c tiv e ly  a rc  a n g u la r
freq u en cy , th e rm a l veloc ity , d en s ity  and  tem p era tu re  o f  the po sitiv e  and  n eg a tiv e  c o m p o n en ts  
o f  the  p la sm a . m+ is the  m ass  o f  the  p o sitiv e  co m p o n en t o f  the p la sm a and  tn , the  m ass  o f  
n eg a tiv e  c o m p o n e n t o f  th e  p la sm a  is equa l to  the m ass o f  an elec tron .
T h e se  ex p re ss io n s  red u ce  to  the  co rresp o n d in g  c lassica l ex p re ss io n s  w hen  h is pu t 
equa l to  ze ro  [ 10]
■
e; (q,  ft» =  1 + -rpV 
q - v l
(0 Pt CO4
q-\>~± q~v




-i 2 22 q  v±
:'2'(q,  ft)) =  —  e x p ( - ( f t ) 2 12<72v2)).
V 2  q^vi  qv± '  ’ >
(5)
(6)
W h e n  on ly  o n e  o f  the co m p o n en ts  is co n s id ered  to  be  m ob ile , the e x p re ss io n s  g iven  by 
cqs. (3 )  an d  (4 ) fo r q u a n tu m  p la sm a  and  (5) and (6) fo r  c lass ica l p la sm a  re d u c e  to  the 
c o rre sp o n d in g  e x p re ss io n s  for one co m p o n en t qu an tu m  and  c lassica l p la sm as [10].
F o r  in f in ite  m a ss  positiv e ly  ch a rg ed  im purity  in troduced  in the tw o co m p o n en t p lasm a ,
i.e. fo r  A/ =  °° , e x p re ss io n  (2 ) fo rf ( q  ) reduces to.
/ ( ? )  =  /±  (? )  =  -  —  Re 
ft-
1
E (q,  0 )
\
- 1 (7)
T h e  im a g in a ry  p a rt o f  the  d ie lec tr ic  function  van ishes w hen  co —> 0. S ince  w e are 
in te res te d  in in fin ite  m ass  im purity , w e need  zero  frequency  d ie lec tric  fu n c tio n  £ { q ,  0) fo r tw o  
c o m p o n e n t q u a n tu m  an d  c la ss ica l p la sm as, w h ich  are  as fo llow s :
0 ) =  I +  ■
J 2 C D ,,k m±v±
q 2v± \  hq
2 exp^-(/»g/2V2 m±v±) j
hq
2-J2 m ± v ±
x< 1 - !
3 ^ 2 ^ 2  m±v±
x (8)
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0) t
£ ‘ , (9 i 0 ) - 1 + - 5^ - .  (9)
q v±
If  on ly  o n e  co m p o n en t is m ob ile , say  nega tive , the ex p re ss io n s  (8) and  (9) w ou ld  contain  
o n ly  th e  n e g a tiv e  s ign  te rm s.
3. Results and discussion
S u b s titu tin g  e x p re ss io n s  for d ie lec tr ic  fu n ctio n  for one co m p o n e n t p la sm a  and  tw o  co m p o n en t 
p la sm a  in ex p re ss io n  (1), the  s ta tic  pa ir co rre la tio n  fu n c tio n  g± (r ) h av e  b een  accu ra te ly  
c o m p u te d  by p ro p e rly  su m m in g  u p  th e  s e n e s  o cc u rrin g  in th e  e x p re ss io n s  fo r  d if fe re n t values 
o f  r e x p re s se d  in u n its  o f  r&.
In F ig u re  1, c la ss ic a l an d  q u an tu m  v a lu es  o f # * ( r )  at a rea lis tic  d en s ity  1.0 x  1 0 , s cm “3 
w h e n  M  =  «>, fo r o n e  co m p o n e n t p la sm a  at 30K  and  7 7 K  and  fo r tw o  c o m p o n e n t p la sm a  w ith  
m+ = 5m a t 3 0 K  and  77K  (w h e re  the d iffe ren ce  b e tw een  th e  q u an tu m  and  c la ss ica l p la sm a  is 
s ig n if ic a n t) , a re  illu s tra te d  for / e x p re ssed  in te rm s o t> s . A s is ev id en t, v a lu es  o f # 1 ( r ) fo r tw o 
c o m p o n e n t p la sm a  fo r b o th  the  te m p era tu re s  is a lw a y s  g re a te r  than  the (Corresponding values 
fo r  o n e  c o m p o n e n t p la sm a  u p to  /* -  0 .7  r , b ey o n d  w h ich  they  s ta rt o sc illa tin g  a b o u t# *  ( r ) = I 
and  th e  o sc illa tio n s  p e rs is t till r  -  3 rs. A t any  g iven  te m p era tu re  and  feif b o th  th e  p la sm as, 
c la ss ic a l value is a lw a y s  h ig h e r  than  the  q u an tu m  value. T h is  resu lt turn^; out to  be sam e at 
o th e r  h ig h e r  te m p era tu re s . F o r a  g iven  p la sm a  : tw o  c o m p o n en t o r  o n e  co m p o n e n t, #* ( r  ) 
d e c re a se s  w ith  th e  in c re ase  in te m p era tu re . T h e  d iffe re n c e  b e tw een  c la ss ica l and  qu an tu m
Figure 1. Calculated values of static pair correlation Function, g* (/ ), of electrons around on 
infinite mass impurity with distance r expressed in terms of for one and two component 
quantum and classical rare hot plasmas having number density equal to 1.0 x 10n cm ' at 
temperatures 30K and 77K Two component classical and quantum plasmo for m+ = 5m at
30 K are shown by (------- ) and at 77K by (----------------- ) One component classical and
quantum plasma at 30K are shown by (------- ) and at 77K by (----------- ).
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values o f  g* (r ) d e c re a se s  as tem p era tu re  in c reases though  the d ec rease  is m o re  fo r  one 
co m p o n e n t p la sm a  i.e. th is  d if fe ren ce  at 30K  is la rg e r than that at 77K . T h is  is b ec au se  o f  the 
fa c t th a t  d u a l n a tu re  o f  e le c tro n s  b ec o m e s in c re as in g ly  im p o rta n t as o n e  g o es  to  lo w er 
tem p era tu re s .
T h e  c o m p u ted  v aria tio n s  o f  s ta tic  p a ir co rre la tion  function  g± (/*), o f  e lec tro n s  a round  
an in f in ite  m a ss  im p u rity  in tw o  co m p o n en t p la sm a  at rea listic  density  iz± = 1.0 x  1 0 ,!S cm  \  
te m p e ra tu re  T± =  30  K  (w h ere  the  qu an tu m  m echan ica l effec t w ill be re flec te d ) for d iffe ren t 
m asses  o f  the  p o s itiv e  c o m p o n en t o f  the quan tum  p lasm a and  c lassica l p la sm a  w ith  r are 
show n  in F ig u re  2. S in ce  the ex p re ss io n  fo r the tw o co m ponen t c lassica l d ie lec tr ic  function  for 
an in fin ite  m ass  im p u rity  is in d e p en d e n t o f  the m ass o f  the positive  c o m p o n en t o f  the  p la sm a 
tn+ , g*(r) is sa m e  for all m + .F o r the qu an tu m  tw o co m p o n en t p lasm a , w ith  the inc rease  in m + , 
va lu e  o f  £*(>*) inc reases fo r sm all values o f  r. D ifference betw een  the value o f  g*(r) a t m+ = lm  
and  m + = 5m  is m u ch  g rea te r  than  a t m + = 5m and  m+ = 10m , tho u g h  the c lassica l g±(r) is 
g rea te r  th an  all the  th ree  q u an tu m  values fo r sm all va lues ol r. F o r bo th  q u an tu m  and c lassica l 
p la sm a , g±(r) d e c re a se s  till r -  0 .7  r s and  then starts o sc illa tin g  a b o u tg±(r) =  1. T he  o sc illa to ry  
b e h a v io u r  d a m p e n s  w ith  the  in c rease  in r. In the inset o f  the figu re  are show n  the o sc illa tio n s  
for th e  q u a n tu m  p la sm a  (m + = lm  an d  m + = 5m ) and  c lassica l p la sm a  till r ~ 3 r .
Figure 2. Variation of sialic pair correlation function, g* (r), of electrons around an infinite 
mass impurity with distance i expressed in terms of r for two component plasma having 
number density nt = I 0 x I01' cm ' at T% = 30K for different values of m+ shown by : m^= lm
/,i+ =*5m (---------- ) and m4 = I0m_ ( g* (r) for classical plasma is
independent of in+ and is shown by (-------------- ). In the inset are shown the details of g± 0)
for larger values of r .
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Lastly, in Figure 3, we have plotted the ratio/? o f  the quantum mechanical p lasm a#1 1%  
to the classical p lasm ag±(r)vf with different values o f r, expressed in terms o f  rs at density 1.0 
x I 0 LS cm -3 and T = 30K for one component plasma (which are quite different from the one 
calculated using approximations in the expressions o f £ (q, co), g±(r) and computations) and 
two component plasma with -  1 m , w = 5m and ni+ = 1 0 m . For any given form o f plasma, 
there is a peak atr = 1 rA which is sharpest for = 1 m and the peak starts broadening with the 
increase in w + in two com ponent plasma. After r > 1.3rs , R shows oscillatory behaviour and 
approaches a constant value R = 1.
Figure 3. Variation of ratio R of quantum static pan correlation lunction f>‘ (/)„ of electrons 
around an infinite mass positively chained impurity to the classical static pair correlation 
function (#) r in one and two component plasmas with distance r Irom the impurity 
expressed in terms of r for plasma density equal to I 0  x I0 |S cm ' and at temperature Wh. 
R  for one component plasma is shown by ( - -  -- R for two component plasma are
shown by . t .......  - ) for in = I in . ..........) fur m -  5nr and ( — x - - x - - )  lor
in = W in
4. Conclusions
From our study, w e conclude that sialic pair correlation I unctions ol electrons around an 
infinite mass positively charged impurity in both one component and two com ponent quantum 
plasmas arc quite different from the classical cases. Suitable experiment in a laboratory plasma 
or a doped semiconductor al appropriate density and-temperature may be performed to observe 
the onset o f  quantum effect in one and two component plasmas around a heavy positively 
charged impurity.
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